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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

CUSTOM HOUSE-2D & CHESTNUT STREETS

PHILADELPHIA. PENNSYLVANIA 19106

N RIEPLY RUSFHL TO

NAPEN-N

Honorable Brendan T. Byrne 05 AU S 1980
Governor of New Jersey
Trenton, New Jersey 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Macopin Reservoir Dam in

Passaic County, New Jersey which has been prepared under authorization of

the Dam Inspection Act, Public Law 92-367. A brief assessment of the dam's

condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance, M;copin Reservoir Dam, a high hazard potential

structure is judged to be in good overall condition and the dam's spillway
is considered adequate. To ensure adequacy of the structure, the following

acti as, as a minimum, are recoumended:

a. The owner should develop an emergency action plan outlining actions
to be taken by the operator to minimize downstream effects of an emergency

and establish a flood warning system for the downstream communities within
three months from the date of approval of this report.

b. The following remedial actions should be initiated within twelve

months from the date of approval of this report:

(1) Acquire foundation data by a boring program to determine the

spillway and high dam foundations and determine the dam's masonry, earth and

rock engineering properties.

(2) Determine the uplift pressures by piezometers at various points

-long the base of the dam including points along the heel and toe of the dam.

(3) Determine the silt levels adjacent to the dam's heel.

(4) Replace the missing stones and re-grout those areas that have

grout missing in the downstream side of the spillway.
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NAPEN-N
Honorable Brendan T. Byrne

(5) Repair all cracked and spalled concrete in the top of the
spillway and the high dam.

(6) Repair or replace the defective low-level outlet blow-off valve.

(7) All debris should be removed from the spillway discharge channel.

c. The existing dam plans and drawings should be annotated and updated
to form a coherent as-built set within two years from the date of approval
of this report.

d. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New Jersey
Department of Environmental Protection, the designated State Office contact
for this program. Within five days of the date of this letter, a copy will
also be sent to Congressman Roe of the Eighth District. Under the provision
of the Freedom of Information Act, the inspection report will be subject to
release by this office, upon request, five days after the date of this

letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia 22161 at a reasonable
cost. Please allow four to six weeks from the date of this letter for NTIS
to have copies of the report available.

An important aspect of the Dam Inspection Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly

request that we be advised of proposed actions taken by the State to

implement our recommendations.

Sincerely,

I

I Incl AMES G. TON
As stated , ,Colonel, Corps of Engineers

'-District Engineer

Copies furnished:
Mr. Dirk C. Hofman, P.E., Deputy Director
Division of Water Resources

P.). Box CN029
Trenton, NJ 08625 %JJ

Mr. John O'Dowd, Acting Chief ' V
Bureau of Flood Plain Regulation n'
Division -f Water Reqources * .__

N.J. of Environmental Protect ion " -j,

Tre___
t _ __...._,_... . .



MACOPIN RESERVOIR DAM (NJO0320)

CORPS OF ENGINEERS ASSESSMENT OF GENFRAL CONDITIONS

This dam was inspected on 21 November and 4 December 1979 by Harris - ECI
Associates, Inc., under contract to the State of New Jersey. The State,
under agreement with the U.S. Army Engineer District, Philadelphia, had this
inspection performed in accordance with the National Dam Inspection Act,
Public Law 92-367.

Macopin Reservoir Dam, a high hazard potential structure is judged to be in
good overall condition and the dam's spillway is considered adequate. To
ensure adequacy of the structure, the following actions, as a minimum, are
recommended:

a. The owner should develop an emergency action plan outlining actions
to be taken by the operator to minimize downstream effects of an emergency
and establish a flood warning system for the downstream comunities within
three months from the date of approval of this report.

b. The following remedial actions should be initiated within twelve
months from the date of approval of this report:

(1) Acquire foundation data by a boring program to determine the
spillway and high dam foundations and determine the dam's masonry, earth and
rock engineering properties.

(2) Determine the uplift pressures by piezometers at various points
along the base of the dam including points along the heel and toe of the dam.

(3) Determine the silt levels adjacent to the dam's heel.

(4) Replace the missing stones and re-grout those areas that have
grout missing in the downstream side of the spillway.

(5) Repair all cracked and spalled concrete in the top of the
spillway and the high dam.

(6) Repair or replace the defective low-level outlet blow-off valve.

(7) All debris should be removed from the spillway discharge channel.

c. The existing dam plans and drawings should be annotated and updated
to form a coherent as-built set withir two years from the date of approval
of this report.

d. The owner should develop written operating procedures and a periodic
iaintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

.- )
APPROVED: ~-. AES . TON

SColonel, Corps of Engineers

District Engineer
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name: Macopin Reservoir Dam, I.D. NJ 00320
State Located: New Jersey
County Located: Passaic County
Stream: Pequannock River
River Basin: Passaic River
Date of Inspection: November 21 and December 4, 1979

Assessment of General Conditions

Macopin Reservoir Dam is a stone masonry gravity dam with gunite facing on
the upstream side of the dam. The overall condition of the dam is good.
The dam is comprised of four sections: a non-overflow wingwall, a gate house,
an overflow spillway and a high dam. Looking downstream from the reservoir
and from left to right; the wingwall is at the left end of the dam, then
the gate house, spillway and high dam. There are five stones missing in
the downstream side of the spillway and there are some areas between the
stones that need regrouting. There are some longitudinal cracks in the
concrete coping of the spillway and dam. Spalling was also noticed in the
concrete coping of the spillway and dam. The downstream channel is well
defined. The operation of the low-level outlet was satisfactorily demon-
strated. However, there are seven low-level blow off valves along the left
bank of the downstream channel that could not be operated during inspection
because a wrench was not available to demonstrate operation of the valves.
But, according to the owner, six of the seven valves operate satisfactorily.
The hazard potential is rated "high".
The spillway capacity of Macopin Reservoir Dam is considered adequate

in view of the ability of the spillway to pass the SDF without overtopping
the dam.

The dam's stability is in question since it apparently was designed without
considering uplift forces on the base plane. A preliminary evaluation of the
stability of the dam shows that it would have difficulty in meeting current
Corps of Engineers' stability guidelines at maximum pool elevation. However,
the dam has safely passed the 1903 flood, which was only 0.7 feet lower than
the computed maximum pool elevation. The following actions are recommended
along with a timetable for their completion. All recommended actions should
be conducted under the supervision of an Engineer who is experienced in the
design, construction and inspection of dams.

-.1 . . .. . ?,,,L. ,,-, ... . . n ' ' .... h' '



1. Acquire foundation data by a boring program to determine the
spillway and high dam foundations and determine the dam's
masonry, earth and rock engineering properties within twelve
months.

2. Determine the uplift pressures by piezometers at various
points along the base of the dam including points along the
heel and toe of the dam within twelve months.

3. Determine the silt levels adjacent to the dam's heel within
twelve months.

4. Replace the missing stones and re-grout those areas that have
grout missing in the downstream side of the spillway. This
work should be completed within twelve months.

5. Repair the spalling and the longitudinal cracks in the top of
the spillway and the high dam. This work should be completed
within twelve months.

6. Repair or replace the defective low-level blow off valve.
This should be completed within twelve months.

7. Remove the debris from the spillway discharge channel within
twelve months.

8. The owner should develop an emergency action plan (if one is
not already available) outlining actions to be taken by the
operator to minimize downstream effects of an emergency and

establish a flood warning system for the downstream communities
within three months.

Furthermore, while of a less urgent nature, the following additional actions
are recommended and should be carried out within twenty-four months.

1. Conduct a complete topographic survey of the dam and surrounding
area, in order to develop a detailed plan and several cross-
sections of the dam. Annotate and update the existing drawings,
and form a coherent as-built set.

2. The owner should develop within one (1) year after formal
approval of the report, written operating procedures and
a periodic maintenance plan to insure the safety of the

dam.

Ih P. Talerico, P.E.
HARRIS-ECI ASSOCIATES
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investiga-
tions. Copies of these guidelines may be obtained from the office of
theChief of Engineers, Washington, D.C. 20314. The purpose of a
Phase I Investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The assessment
of the general condition of the dam is based upon available data
and visual inspections. Detailed investigation, and analyses in-
volving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspec-
tion team. It is important to note that the condition of a dam
depends on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guide-
lines, the Spillway Test flood is based on the estimated "Probable
Maximum Flood" for the region (greatest reasonably possible storm
runoff), or fractions thereof. The test flood provides a measure
of relative spillway capacity and serves as an aide in determining
the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition and the down-
stream damage potential.

. .



TABLE OF CONTENTS

ASSESSMENT OF GENERAL CONDITIONS

OVERVIEW PHOTO

PREFACE Page

SECTION I PROJECT INFORMATION ............................. I

1.1 General .................................. 1
1.2 Description of Project .................... 1
1.3 Pertinent Data ............................ 5

SECTION 2 ENGINEERING DATA ................................. 7

2.1 Design .................................... 7
2.2 Construction ............................... 7
2.3 Operation ................................. 7
2.4 Evaluation ................................. 7

SECTION 3 VISUAL INSPECTION ................................ 9

3.1 Findings .................................. 9

SECTION 4 OPERATION PROCEDURES........................... 11

4.1 Procedures .............................. 11
4.2 Maintenance of Dam ....................... 11
4.3 Maintenance of Operating Facilities........11
4.4 Evaluation ................................ 11

SECTION 5 HYDRAULIC/HYDROLOGIC ............................ 12

5.1 Evaluation of Features ..................... 12

SECTION 6 STRUCTURAL STABILITY ............................ 14

6.1 Evaluation of Structural Stability ......... 14

SECTION 7 ASSESSMENT/REMEDIAL MEASURES .................... 16

7.1 Dam Assessment ............................ 16
7.2 Remedial Measures ......................... 17

i t .



TABLE OF CONTENTS CONTINUED

PLATES No.

KEY MAP & VICINITY MAP ..................................... 1 & 1A

GEOLOGIC MAP ............................................... 2

DRAWINGS OF DAM ............................................ 3 - 7

APPENDICES

APPENDIX A - CHECK LIST - VISUAL OBSERVATIONS
CHECK LIST - ENGINEERING, CONSTRUCTION,

MAINTENANCE DATA ................ 1 - 14

APPENDIX B - PHOTOGRAPHS

APPENDIX C - SUMMARY OF ENGINEERING DATA ................... 1

APPENDIX D - HYDROLOGIC COMPUTATIONS ...................... I - 9

APPENDIX E - STABILITY CALCULATIONS ........................ 1 - 16

I1

ii



PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

MACOPIN RESERVOIR DAM, I.D. NJ 00320

SECT ION 1

I. PROJECT INFORMATION

1.1 General

a. Authority

The National Dam Inspection Act (Public Law 92-367, 1972) provides for
the National Inventory and Inspection Program by the U.S, Army Corps of
Engineers. This inspection was made in accordance with this authority
under Contract C-FPM No. 35 with the State of New Jersey who, in turn,
is contracted to the Philadelphia District of the Corps of Engineers,
and was carried out by the engineering firm of Harris-ECI Associates,
Woodbridge, New Jersey.

b. Purpose of Inspection

The visual inspection of Macopin Reservoir Dam was made on November 21,
1979. The purpose of the inspection was to make a general assessment
as to the structural integrity and operational adequacy of the dam,
embankment and its appurtenant structures,

c. Scope of Report

The report summarizes available pertinent data relating to the project;
presents a summary of visual observations made during the field inspec-
tion; presents an evaluation of hydrologic and hydraulic conditions at
the site; presents an evaluation as to the structural adequacy of the
various project features; and assesses the general condition of the dam
with respect to safety.

1.2 Description of Project

a. Description of Dam and Appurtenances

Macopin Dam is a stone masonry qravity dam with gunite facing on the
upstream side. It has a maximum structural height of 34.0 feet and an
overall length of 434 feet. The dam is comprised of four sections: a
non-overflow wingwall, a gate house, an overflow spillway and a high dam.
The wingwall, located at the left end of the dam, is 55 feet long and
connects the gate house to the Route 23 Northbound embankment. The top
of the wingwall is 10.5 feet above the spillway crest. The spillway is



a 270 foot long, 17 foot high arc-shaped overflow that connects to the
gate house at the left end of the dam and to the high dam at the right.
The slope of the downstream face of the spillway is lH:6V and the
upstream face is nearly vertical. The high dam is 164 feet long and
extends from the right end of the spillway to the embankment of N.J.
Route 23 Southbound. The crest of the high dam section has a width of

6.5 feet and is 7.0 feet above the spillway crest. The slope of the
upstream face of the high dam is nearly vertical while the downstream
face has a nearly vertical slope from the top down to the spillway crest
elevation, and from there the same as the spillway (lH:6V). The
upstream face of the entire dam has an approximate 2-inch thick coating
of gunite.

The ate house at the left end of the dam serves as an inlet chamber for
the low-level outlet control valves and conduits, The flow enters the
gate house through two masonry tunnels 10 ft. wide x 11 ft, high. The
flow exits the gate house rhrough two 48-inch steel pipes and discharges
into the Pequannock River just downstream of the gate house through seven

* 16-inch blow-off valves. There are ten sluice gates within the gate house
for the purpose of controlling the water flow and isolating the filter
screens for servicing.

The flow from the spillway and the gate house discharge directly into the
Pequannock River which flows down the median of Route 23 crossing under
a turn around, through a 30 ft. wide by 13 ft, high opening, about
600 feet from the spillway. From there the river continues down the median
until it crosses under Route 23 Southbound approximately 3,400 feet from
the spillway.

There are no known borings or test pits taken for this dam.

A generalized description of soil conditions is contained in Report No. 3,
Passaic County and Report No. 9, Morris County, Engineering Soil Survey
of New Jersey, by Rutgers University. The reports, dated 1951 and 1953,
describe the Passaic County section as ground moraine deposited during
the Wisconsin glaciation. Ground moraine is unstratified, heterogeneous
material including clay, silt and sand sizes, with varying amounts of
gravel, cobbles and boulders. The underlying Gneiss is variable in depth
but usually shallow. The Morris county map describes its section as
Gneiss rock. Geologic Overlay Sheet 22 further describes the rock as
Hyperstene-Quartz-Andesine Gneiss.

b. Location

Macopin Reservoir Dam is located on the Pequannock River in the Township
of West Milford, Passaic County, New Jersey. It is accessible by way of
N.J. Route 23.

c. Size Classification

According to the "Recommended Guidelines for Safety Inspection of Dams"
by the U.S. Department of the Army, Office of the Chief Engineers, the
dam is classified in the dam size category as being "small", since its
storage volume of 162 acre-feet is less than 1,000 acre-feet. The dam

2



is also classified as "small" because its height of 34.0 feet Is less
than 40 feet. The overall size classification of Macopin Reservoir
Dam is classified as "small" in size.

d. Hazard Classification

A hazard potential classification of "high" has been assigned to the
dam on the basis that a hypothetical failure would result in excessive
damage to Route 23 immediately downstream of the dam. Because the
road is very heavily traveled, the possibility exists of the loss of more
than a few lives in the event of dam failure.

e. Ownership

Macopin Reservoir Dam is owned by:

City of Newark
Department of Public Works
Division of Water Supply
1294 McBride Avenue
Little Falls, N.J. 07424

Attention: Mr. Daniel Berardinelli
(201) 256-4965

f. Purpose

Macopin Reservoir Dam is presently used for storage to provide the let-down
requirement to satisfy the minimum stream volume of the Pequannock River.

g. Design and Construction History

There is no data on the actual construction dates of the Macopin Dam.
Plans were developed during May to August 1892 but it is not known whether
it was built at this time.

* The sequence of plans available does give some insight into the history of
the dam. It appears that siltation may have been a problem at one time.
In 1930 there is a plan showing mud deposits in the reservoir. Before the
construction of the Charlotteburg Dam, circa 1961, the existing upstream
reservoirs did not have proper impounding capacity in relation to the size
of their drainage areas. As a result, water was wasted over the Macopin
Reservoir Dam before the upstream reservoirs were filled. Water from
these upstream dams flowed to Macopin Reservoir Dam in open channels. The
scouring and erosive action of the stream flow on these channel banks and
bottoms resulted in a muddied water full of sediment. This was deposited
as mud when the stream velocity was reduced by the dam blockage and the
widened reservoir. What remedial action to prevent or remove these
deposits is not known.

A construction plan dated 1940 shows procedures for guniting the upstream
faces of the spillway, dam, gate house and wingwall. Also noteworthy on

3



this plan, is that it shows a stone retaining wall, seven 16-inch blow-
off valves and an added 48-inch conduit. These were not shown on the
1892 plans.

In 1944 a construction plan indicates some revamping of the screen guide
system in the front 10 feet wide x 11 feet high chambers, The center-
guides and columns were scheduled to be removed and new screens were to
be installed in the wells.

A major revision occurred in 1946. Additional electrical equipment was
installed in the gate house and a water treatment plant and its appurte-
nances were built downstream.

The construction of Charlotteburg Dam (NJO0316), circa 1961, permitted
by passing of the Macopin Reservoir. A 72-inch concrete pipe diverts
water past Macopin into two 48-inch riveted steel existing aqueducts.

h. Normal Operating Procedures

The discharge from the reservoir is normally unregulated and is allowed
to naturally balance the inflow into the lake. The reservoir is occasion-
ally drawn down via the blow-off valves for cleaning and insoection
purposes. Also, the blow-off valves are used to release water into the
Pequannock River to satisfy the required stream-flow volume.

4



1.3 Pertinent Data

a. Drainage Area 63.7 sq, mi.

b. Discharge at Dam Site

Ungated spillway capacity at 17,602 c (590.74 NGVD)
elevation of top of dam:

Total spillway capacity at 8,763 cfs (588.14 NGVD)
maximum pool elevation (SDF):

c. Elevation (Feet above NGVD)

Top of dam (High dam): 590.74
(Non-overflow wingwall): 594.24

Maximum pool design surcharge (SDF): 588.14

Recreation pool: N/A

Spillway crest: 583.74

Streambed at centerline of dam: 562.0 (estimated)

Maximum tailwater: 566.0 (estimated)

d. Reservoir

Length of maximum pool: 2,100 ft. (estimated)

Length of recreation pool: 2,000 ft. (estimated)

e. Storage (acre-feet)

Spillway Crest: 101.0

Top of dam: 206.0

Maximum pool (SDF): 162.0

f. Reservoir Surface (acres)

Top of dam: 16.5 (estimated)

Maximum pool (SOF): 13.9 (estimated)

Spillway Crest: 12.3 (estimated)

5



g. Dam

Type: Stone masonry gravity with gunite facing
on upstream side.

Length: 434 ft. (effective)

Height: 34 ft.

Top width: 6.5 ft.

Side slopes - Upstream: Nearly vertical
- Downstream: Nearly vertical to IH:6V

Zoning: Unknown

Impervious core: N/A

Cutoff: None

Grout curtain: Unknown

h. Diversion and Regulating Tunnel

N/A

i. Spillway

Type: Stone masonry gravity with gunite facing
on the upstream side.

Length of weir: 270 ft.

Crest elevation: 583.74

Gates: None

U/S Channel: Macopin Reservoir

D/S Channel: Natural channel with rock ledge

j. Regulating Outlets

Low level outlet: 2 - 48-inch steel pipes with 7 - 16-inch blow-
offs on the 48-inch pipe on the right.

Controls: Ten sluice gates

Emergency gate: None

Outlet: 569.2 NGVD

6



SECTION 2

2. ENGINEERING DATA

2.1 Design

Drawings for the original construction of Macopin Reservoir Dam in the
early 1890's and the modifications in the 1940's, are available from
the City of Newark, Division of Water Supply, offices on McBride Avenue
in Little Falls, N.J. No data from soil borings, soil tests, or other
geotechnical data is available. Data concerning the hydraulic capacity
of the spillway is also unavailable.

2.2 Construction

Data is not available concerning the as-built construction of the dam.
No data exists of the construction methods, borrow sources, or other
data pertinent to the construction of the dam,

2.3 Operation

Daily records have been kept since 1898 of the water level in the
reservoir. The water level indicator was inspected and found in
satisfactory condition.

Presently Macopin is used only for the purpose of providing the required,
stream flow volume for the Pequannock River.

2.4 Evaluation

a. Availability

The availability of engineering data is fair. The stated drawings and
verbal information concerning the original construction and the subse-
quent modifications can be obtained from the Manager's Office, Division
of Water Supply, listed above under Section 2.1.

b. Adequacy

The engineering data available, together with that obtained in the field,
were adequate to perform hydrologic and hydraulic computations. The data
was sufficient with certain assumptions to perform a preliminary
stability analysis. Combining this with the visual observations, a
preliminary evaluation could be made.

7



c. Validity

Information contained in the drawings and checked by limited field
measurement appears to be valid.

81
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SECTION 3

3. VISUAL INSPECTION

3.1 Findings

a. General

The visual inspection of Macopin Reservoir Dam revealed the dam and
spillway to be in good condition, but in need of minor repairs. The
reservoir level was below the spillway's crest at the time of the
inspection.

b. Dam

The stone masonry gravity dam appears sound. Longitudinal cracks and
spalling were noticed in the concrete cap of the dam. A non-overflow
wingwall, located at the left side of the dam, extends from the gate
house to the Northbound embankment of Route 23. The wingwall is in
good condition. Gunite facing is on the upstream side of both the dam
and wingwall. The gunite facing is in good condition. No misalignment
of the dam or wingwall in the horizontal or vertical plane was evident.
All visible construction joints appeared in good condition. No seepage
or leakage was evident.

c. Appurtenant Structures

1. Spillways

Longitudinal cracks and spalling were noticed in the concrete coping of
the spillway. The downstream side of the concrete spillway has stone
masonry. Five of these stones, located in the first two layers down
from the coping, were missing. Grout was also missing between some areas
of the stones. The vertical and horizontal alignment of the crest was
good. The spillway discharge channel is in good condition. It has a
rock bottom.

2. Outlet Works

Two 48-inch steel pipes serve as the low level outlet at the downstream
side of the gate house located at the left end of the dam. Ten valves
and sluice gates, located in the gate house, control the flow through
these pipes. All ten of the valves operated satisfactorily. The valve
operators of all ten valves were in good condition. The sluice gates
were submerged and not visible. Seven low level blow-off valves were
observed along the left bank, downstream of the spillway. The valves are
buried with extended stems for wrench operation. A wrench was not avail-
able to demonstrate operation of the valves. According to the owner, six
of the seven valves operate satisfactorily. All seven of the valves are
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connected to one (the one on the right side) of the 48-inch steel pipes.
The stilling basin is natural rock in good condition.

d. Reservoir Area

There is a concrete crib wall on the reservoir's right side (southbound
embankment of Route 23). Slopes on the reservoir's left side are flat
to moderate. There is no indication of slope instability.

e. Downstream Channel

The discharge from the spillway veers right about 90 degrees, or parallel
to the spillway, to a point where the dam begins. From this point the
channel turns left, also about 90 degrees, flowing downstream in the
median between the embankments of Route 23 Northbound and Southbound.
The channel is in good condition. Some boulders, fallen trees and dbris
arheche bottom of the channel.

There is a stone retaining wall that begins at the gate house, left side
of the dam, and extends for about 140 feet along the embankment of North-
bound Route 23. It is in good condition.

Approximately 600 feet from the spillway the channel flows under a bridge
that carries traffic making U-turns from both Northbound and Southbound
Route 23. The first house downstream, about 2.5 miles from the spillway,
is on the channel's right bank and on the outskirts of the City of Butler.
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SECTION 4

4. OPERATIONAL PROCEDURES

4.1 Procedures

Macopin Reservoir Dam is used to impound water to provide the minimum
stream flow requirement for the Pequannock River. The level in thereservoir is maintained through the unregulated flow over the spillway.

4.2 Maintenance of the Dam

There is no regular inspection and maintenance program for the dam and
appurtenant structures. Every few years the reservoir is drawn down for
cleaning and inspection.

4.3 Maintenance of Operation Facilities

The low-level outlet operating facilities consist of 10-sluice gates
within the gate house and 7-blow-off valves downstream of the gate house.
At the time of inspection, the operation of the sluice gates was demon-
strated satisfactorily. The operation of the blow-off valves could not
be demonstrated since a wrench was not available to open the valves.
After the inspection, the Superintendent, Newark Water Supply, verbally
informed the inspectors that six of the seven valves were operable.

4.4 Evaluation

The present operational and maintenance procedures are fair with the dam
and spillway being maintained in a serviceable manner.

I i
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SECT ION 5

5. HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

The drainage area above Macopin Reservoir Dam is approximately 63.7 square
miles. A drainage map of the watershed of the dam site is Presented on
Plate 1, Appendix D.

The topography within the basin is moderately sloped. Elevations range
from approximately 1,437 feet above NGVD at the north portion of the
watershed to about 590 feet at the dam site. Land use patterns within
the watershed are mostly woodland.

The evaluation of the hydraulic and hydrologic features of Macopin
Reservoir was based on criteria set forth in the Corps Guidelines and
additional guidance provided by the Philadelphia District, Corps of
Engineers. The Spillway Design Flood for the dam is equal to the 1/2 PMF.

The 5-hour PMF inflow hydrograph for Macopin Reservoir Dam was also
provided by the Philadelphia District, Corps of Engineers. The inflow
hydrograph is directly input to obtain PMF and various ratios of PMF
utilizing program HECI-DB. The 5-hour PMF inflow hydrograph is given in
Appendix D.

The SDF peak outflow calculated for the dam is 8,763 cfs. This value is
derived from the 1/2 PMF. The 1/2 PMF was routed through the dam and it
was found the dam would not overtop.

The stage-outflow relation for the spillway was determined from the
geometry of the spillway and dam, utilizing HECI-DB program.

The reservoir stage-storage capacity relationship was computed directly
by the conic method, utilizing the HECl-DB program. The reservoir surface
areas at various elevations were measured by planimeter from a U.S.G.S.
Quadrangle topographic map. Reservoir storage capacity included surcharge
levels exceeding the top of the dam, and the spillway rating curve was
based on the assumption that the dam remains intact during routing.

Drawdown calculations indicate that to empty the lake to an elevation of
569.3 NGVD through the ten low-level sluice gates and one of the two
48-inch steel pipes(the one with the 7 - 16-inch blow off valves) would
take 13 hours with an inflow of 127.4 cfs, assuming 2 cfs/square mile.

12



b. Experience Data

Records of daily gage height and discharge have been maintained since
1898. These records were obtained from a water-stage recorder located
on the left side of the dam and by records collected by the U.S.G.S. in
cooperation with the Department of Public Affairs, Division of Water
Supply, City of Newark.

Prior to May 22, 1970, discharge figures were furnished solely by the
City of Newark. The records represent flow over the intake dam only.
Water was diverted above the dam and regulated by several reservoirs
above the dam prior to the completion of Charlotteburg Dam, circa 1961.

Stream flow records of the U.S.G.S. indicate that the maximum recorded
discharge over the Macopin Reservoir Dam was about 6,100 cfs and occurred
on October 10, 1903. The 1903 flood is the most severe one on record of
the Pequannock River watershed.

c. Visual Observation

The discharge from the spillway veers right about 90 degrees, or parallel
to the spillway, to a point where the dam begins. From this point the
channel turns left, also about 90 degrees, flowing downstream in the
median between the embankments of Route 23 Northbound and Southbound.
The channel is in good condition. Some boulders, fallen trees and debris
are on the bottom of the channel.

Approximately 600 feet from the spillway the channel flows under a bridge
that carries traffic making U-turns from both Northbound and Southbound
Route 23. The flow continues downstream and crosses under Southbound
Route 23 about 3,400 feet from the spillway, The first house downstream,
about 2.5 miles from the spillway, is on the channel's right bank and on
the OutSKirts of the City of Butler.

The left side slopes of the reservoir are flat to moderate. A concrete
crib wall is on the right side of the reservoir (the Route 23 Southbound
embankment side). The crib wall is in good condition. Both the side
slopes and crib wall do not exhibit signs of instability. The drainage
area is mostly wooded and moderately flat sloped.

d. Overtopping Potential

As indicated in Section 5.1a, the spillway capacity of Macopin Reservoir
Dam is considered to be adequate for 1/2 PMF (SOF).

13



SECTION 6

6. STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

At the time of inspection Macopin Reservoir Dam did not exhibit
any visible signs of distress. There was no evidence of tilting,
misalignment or movement on the foundation. There were five stones
missing in the downstream side of the stone masonry spillway and
there were some areas between the stones that need re-grouting.
There were some longitudinal cracks and spalling in the concrete
coping of the spillway and the high dam.

Based on a visual inspection, and in view of more than 88 years of
satisfactory past perfomance, the structure appears to be stable,
but based on the results of the preliminary static stability analyses
performed the dam's stability is in question.

b. Design and Construction Data

No design computations relating to stability were uncovered during the
report preparation phase. The plans do show typical sections of the
high dam and spillway (the spillway is also called the overfall on the
Plans).

The high dam has a five foot cutoff to a depth of approximately
elevation 546. Whether this cutoff has the structural capacity to
act as a key is not known. The spillway's base elevation is somewhat
vague. The plans indicate that the spillway's base is founded at
elevation 563.7 meaning that the spillway has no footing or cutoff.
A typical foundation profile, Plate 6, does not classify the foundation
material, but the presence of a cutoff would indicate earth or rock fill
for the high dam and rock for the spillway.

c. Operating Records

No operating records are available relating to the stability of the dam.

d. Post Construction Changes

Construction Plans, dated 1940, show procedures for guniting the upstream
face of the dam.

e. Static Stability

Preliminary static stability analyses were performed for Macopin Reservoir
Dam for the high dam and the spillway. The results and assumptions made
are shown in Appendix E.

14
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The calculations herein do not show instability against overturning or
sliding under maximum flood conditions. However, the location of the
resultant force and the sliding Factors of Safety do not meet current
standards particularly under full uplift conditions. It's apparent
that full uplift pressures were not considered in the design of the dam.
Assuming full uplift pressure under the high dam is perhaps too conser-
vative because the head water pressure at the heel is reduced in passing
through the 15 feet of upstream earth and rock fill above the heel.
This rationale is not valid for the spillway unless there is extensive
silting at the heel that would reduce the head water pressure. The
reduction in head water pressure would be due to the thickness of silt
creating a longer drainage path and dissipating the differential pressure
between the head and tailwater.

The maximum pool elevation at 588.14 is only 0.7 ft. higher than the 1903
flood. In view of past perfomance, especially in 1903 along with no
current indications of distress, the dam is stable. To put the computed
resultant forces and the sliding Factors of Safety in proper prospective,
static stability analyses were also performed at the 1903 flood level.
These are also included in Appendix E. When the information requested
under the recommendations 1 through 3 in Section 7 is made available
a realistic structural stability analysis would be made.

f. Seismic Stability

The dam is located in Seismic Zone 1, as defined in Recommended Guide-
lines for Safety Inspection of Dams, prepared by the Corps of Engineers.
In general, projects located in Seismic Zones 0, 1 and 2 may be assumed
to present no hazard from earthquake, provided the static stability
conditions are satisfactory and conventional safety margins exist.

Preliminary static stability calculations show that the resultant force
and the sliding Factors of Safety do not meet current standards. Obvi-
ously, since static stability calculations do not meet standards, seismic
stability-a greater stress condition, would also be unsatisfactory.
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SECTION 7

7. ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety

The dam has been inspected visually and a review has been made of the
available engineering data. This assessment is subject to the limitations
inherent in the visual inspection procedures stipulated by the Corps of
Engineers for a Phase I report. F

The Macopin Reservoir Dam is considered adequate because the dam does JOJ

have adequate spillway capacity to pass the 1/2 PMF which is the SDF for
the dam, without overtopping.

The dam's stability is in question since it apparently was designed
without considering uplift forces on the base plane. A preliminary
evaluation of the stability of the dam shows that it would have difficulty
in meeting current Corps of Engineers' stability guidelines at maximum
pool elevation. However, the dam has safely passed the 1903 flood,

which was only 0.7 feet lower than the computed maximum pool elevation.

b. Adequacy of Information

The information uncovered was adequate to perform hydrologic and hydrau-
lic computations. The data was sufficient to perform an approximate
computation of the stability of the dam. A preliminary assessment of
the dam could be made by visual observation only.

thei c. Urgency

The remedial measures and recommended actions along with a timetable for

their completion are detailed below. All recommended action should be
conducted under the supervision of an engineer who is experienced in the
design, construction and inspection of dams.

1
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7.2 Remedial Measures

a. Alternatives for Increasing Spillway Capacity

ALternatives for increasing spillway capacity are not necessary as it
is adequate to handle the SDF.

b. Recommendations

1. Acquire foundation data by a boring program to determine
the spillway and high dam foundations and determine the
dam's masonry, earth and rock engineering properties
within twelve months.

2. Determine the uplift pressures by piezometers at various
points along the base of the dam including points along
the heel and toe of the dam within twelve months.

3. Determine the silt levels adjacent to the dam's heel
within twelve months.

4. Replace the missing stones and re-grout those areas that
have grout missing in the downstream side of the spillway
within twelve months.

5. Repair all cracked and spalled concrete in the top of the

spillway and the high dam within twelve months.

6. Repair or replace the defective low-level outlet blow-off
valve within twelve months.

7. All debris should be removed from the spillway discharge
channel within twelve months.

8. The existing dam plans and drawings should be annotated
and updated to form a coherent as-built set within
twenty-four months.

17



The following additional action is recommended:

The owner should develop an emergency action plan (if

one is not already available) outlining actions to be
taken by the operator to minimize downstream effects of
an emergency and establish a flood warning system for the
downstream communities within three months.

c. 0 & M Procedures

The owner should develop, within one (1) year after formal approval of
the report, written operating procedures and a periodic maintenance
plan to insure the safety of the dam.

8.
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APPENDIX B

PHOTOGRAPHS

(Taken on November 21, 1979)



MACOPIN RESERVOIR DAMti

Photo 1 View from the gate house
toward the right end of dam. A
portion of the high dam is visible
at upper right. Spillway's
discharge channel, paralleling the
spillway, makes a left turn near
the high dam.

LA



MACOPIN RESERVIOR DAM'

Photo 2 -View from the high dam looking toward -the spillway,
gate house and the left end of the reservoir. Traffic on
Northbound Route 23 is, visible beyond the gate house.

AO

P;hoto 3 -View, from the high dam, tow..ard the spillway and gate
hcuse, Note longitudinal cracks in top of high dam and s~ill-
w.ay. A!lso note s~allirig of concrete on tpo ilwY.



MACOPIN RESERVOIR DAM

' "' #

Photo 4 - Detail of junction of high dam with soillway (too
left). Note longitudinal cracks in concrete on top of high
dam. The downstream channel is visible at top right.

I

Photo 5 - View of reservoir looking upstream. Portion of
the gate house is visible on the right of photo. A portion

of the spillway is visible at the lower right corner of

photo.

• i- " -i i I . . . i ,- 'I * : . ... . i
: =':

4 .



M~ACQPIIN RESERVOIR.D

Photo 6 -View from right end of high dam looking upstream.
Concrete crib wail retains embankment ofl Southbound Rcute 23,
top left in photo.

Photo 7 -View of downstream side of spillway look ing towa3rd

the gate house, top left in ohoto. Soillw,,ay chanrel flov) i
toward viewer of photo . Portion of v~,ther-d troc tr,,k star
at Junction of sr,1~a ard qate houjse. S to ne wil re: 1
ein',bank7oent of iorthbound 'aoue 2 3, top riqh-, in -no -D
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MACOPIN RESERVOIR DAM

Photo 8 - Detail of downstream side of spillway showing
missing stones at the top. The top of the high dam is
visible at top left in photo.

Photo 9 - View of the downstream channel looking downstream.
The channel flows under the bridge, center in photo. Traffic
making U-turns, from both the Northbound and Southbound Rte. 23,
is supported by the bridge. Northbound Rte. 23 is out of photo
to viewer's left and Southbound is out of photo to viewer's
right.



APPENDIX C

SUMMARY OF ENGINEERING DATA
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA
'p

Name of Dam: Macopin Reservoir Dam

Drainage Area Characteristics: 63.7 Square miles
Elevation rap Normal Pool (Storage Capacity): 583.74 NGVD (101 acre-feet)

Elevation Top Flood Control Pool (Storage Capacity): N/A

Elevation Maximum Design Pool: 588.14 NGVD (SDF pool: 162 acre-feet)

Elevation Top Dam: 590.74 NGVD (206 acre-feet)

SPILLWAY CREST:

a. Elevation 583.74 NGVD

b. Type Stone masonry gravity with gunite facing on upstream face.

c. Width 7.0 feet

d. Length 270 feet

e. Location Spillover Entire length

f. No. and Type of Gates None

OUTLET WORKS:
2 - 48-inch steel pipes with 7 - 16-inch blow-off pipes in the

a. Type 48-inch pipe on the right-

b. Location Along the left bank downstream of the gate house.

c. Entrance Inverts 569.30 NGVD

d. Exit Inverts 569.2 NGVD

10 sluice gates, two 48-inch steel pipes
e. Emergency Drawdown Facilities with 7 - 16-inch blow-off DiDes in one

48-inch pipe.
HYDROMETEOROLOGICAL GAGES:

a. Type Water-stage recorder

b. Location On left end of dam
Discharge records (poor) See explanation on Water Resources

c. Records Data for New Jersey

MAXIMUM NON-DAMAGING DISCHARGE: 17,602 cfs at elevation 590.74 NGVD

I,



I

APPENDIX D

HYDROLOGIC COMPUTATIONS
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PRC Harris, Inc. s ---- o-.--

CoWSULTrsG IM61NIftU .....IK ....-.CM EO~oA...........

DAM SAFETY PROGRAM-PHASE I
MACOPIN RESERVOIR 5 HR. P INFLOW HYDROGRAPH

Period Time Inflow
(Hr) (cfs)

1 5 120
2 10 220
3 15 390
4 20 550
5 25 800
6 30 1250
7 35 2020
8 40 7670
9 45 17590
10 50 16120
11 55 13800
12 60 12100
13 65 .9600
14 70 8100
15 75 6900
16 80 6000
17 . 85 5200
18 90 4600
19 95 40')0
20 100 3500
21 105 3100
22 110 2700
23 115 2350
24 120 2050
25 125 1700
26 130 1500
27 135 1200
28 140 1000
29 145 600

-30 150 600

-. 31 155 400
32 160 300
33 165 200
34 170 120
35 175 90
36 180 0

Su .At)
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STABILITY CALCULATIONS

S

.1



I

MACOPIN RESERVOIR DAM

ASSUMPTIONS MADE IN STABILITY ANALYSES

A static stability analyses were performed at the high dam and spillway
sections based on the following assumptions:

a. The maximum flood will be at elevation 588.14

b. Hydraulic heads based on the above elevation and the foundation
elevation will be 36.4 ft. for the high dam and 24.4 ft. at the
spillway.

c. Full uplift pressure is developed.

d. Earth material has values of 0.333 and 3.0 for the active and
passive pressures.

e. The masonry has a unit weight of 150 p.c.f.

f. Where the foundation is rock (spillway) the friction factor
is 0.7; where soil or rock fill (high dam) the friction factor
is 0.6.
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